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"A PROCESS TO OBTAIN TITANIUM CONCENTRATES WITH HIGH 
CONTENTS OF TiCfe AND LOW CONTENTS OF RADIONUCLIDE ELEMENTS 
I FROM ANATASE MECHANICAL CONCENTRATES" 

This invention rotates to a process for obtaining titanium concentrates with 
5 a high Ti0 2 content and low contents of radionuclide elements from anatase 
mechanical concentrates. 

The main advantage of this process is to obtain a better quality titanium 

concentrate when compared to other raw materials used In the chloride route of 
titanium dioxide pigment manufacture. 
10 Such technology constitutes a major breakthrough for the processing of 

anatase mechanical concentrates, being illustrated in Figure 1. 

The present invention further relates to the unique U3e of several known 

state-of-the-art unit operations, in such a way that an appropriate sequence 
among them becomes quite effective in producing the titanium beneficiate from 
15 * anatase mechanical concentrates. For purposes of the present invention, anatase 
mechanical concentrate is defined as the material resulting from the use of the 
following sequence of unit operations in processing raw anatase ores: scrubbing 
in a washing drum, crushing, screening, classification, grinding, in such a way 
that the particle size distribution of the concentrate lies between 1.0 mm and 
20 0.074 mm, followed by tow intensity (800 Gauss) and medium intensity (2000 
Gauss) magnetic separations, the 2000-Gauss non-magnetic fraction becoming 
the anatase concentrate. 

The process related to the present invention starts with calcination (A) in a 
temperature ranging from 400°C to 550°C, between 30 minutes and 1 hour, with 
25 air injection, reduction (B) with hydrogen, carbon monoxide, natural gas or any 
other reducing gas in the same temperature range, with a residence time 
between 5 and 30 minutes followed by low-intensity (600 to 1000 Gauss) 
magnetic separation (C). In the current technological state-of-the-art, the use of 
calcination prior to the reduction step is known, although in a higher temperature 
30 (750°C). It has been discovered that by reducing the calcination temperature from 
750°C lo 500°C it is possible to lower the reduction time from 60 minutes to 
between 5 and 30 minutes. 

The magnetic fraction from low Intensity magnetic separation - synthetic 
magnetite - is rejected and the non-magnetic fraction undergoes dry, high- 
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intensity (16000 to 20000 Gauss) magnetic separation (D) with rare earth 
magnet, either drum or roll, in order to extract silicates, secondary phosphates, 
monazite, calzirtite, zirconolite and uranium and thorium containing minerals. 
Using electrostatic separation for the same purpose is also currently known. 
5 However, it has been discovered that high-intensity magnetic separation in 
magnetic separators with rare-earth permanent magnets leads to magnetic 
titanium concentrates of higher purity, due to a greater extraction of the 
aforementioned minerals. 

The high-intensity magnetic fraction then undergoes a first leaching (E) in 

10 appropriate equipment (agitation or column tanks) with hydruuhluriu acid in 20.0% 
to 30.0% w/w MCI concentration, with a solid-liquid ratio of 1/2 w/w, temperature 
ranging from 00°C to 107°C, during a 2 to 4 hour leaching time. The use of a 
similar technique Is currently known, albeit employing an 18.5% HCI solution. 
However, it has been ascertained that using solutions containing 20% to 25% 

15 " HCI allows for greater solubilization of primary phosphates, iron oxides, 
aluminium, manganese and alkaline-earth metals such as ralcium, barium and 
strontium. 

After a solid/liquid separation step, the first leach liquor is directed to the 
rare-earth recovery and HCI regeneration unit (J). 

20 The solid residue from the first leaching is oxidized (F) in a rotary kiln or 

fluidized bed furnace, under a flow of air or oxygen, at a temperature ranging 
from 1000°C and 1100°C, in the presence of a mixture of sodium fluoride (NaF) 
and amorphous microsilica (Si0 2 ), with an amount of 3% to 10% NaF and 1% to 
10% Si0 2 with respect to the amount of oxidation-fed material, continuous air 

25 injection, with a residence time of 30 to 120 minutes. Those conditions are 
chosen so that a radionuclide-rich vitreous phase is formed in the boundary of the 
ariatase grains, in addition to promoting radionuclide migration to an iron-rich 

4 

phase. 

The oxidized product is quenched in water (G), in order to stabilize both 
30 phases formed thereby (vitreous and iron-rich), thus rendering the forthcoming 
unit operations more effective. 

Following the thermal shock, the oxidized product undergoes a second 
hydrochloric acid leaching (H) in appropriate equipment (agitation or column 
tanks) with a 20 to 30% w/w HCI solution, a solid-liquid ratio of 1/2 w/w, 
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temperature ranging from 90°C to 107°C, for 4 hours, in the presence of NaF or 
HF, seeking mainly to Increase the solubility of the radionuclide-rich vitreous 
phase, through the action of generated or added fluoride (F') ion. The use of this 
operation is currently known, although using an 18.5% HCI solution, without 
5 fluoride ion, but rather with air injection. 

Following solid/liquid separation, the liquor of the second leach also moves 
on to the rare-earth recovery and HCI regeneration unit (J), such HCI 

regeneration taking place through pyrohydrolysis. 

The residue of the second leaching undergoes a dry, high-intensity (16000 
10 to 20000 Gauss) magnetic separation (I) in roll or drum equipment with rare-earth 

magnet, with the objective of extracting the iron-rich and radionuclide-rich which 

report to the magnetic fraction, the non-magnetic fraction becoming the end 
product, while the magnetic fraction being rejected. The use of this operation was 
known in previously described processes, hut with magnetic fields of 7000 to 
15 a 15000 Gauss and aiming at recirculating the iron-rich magnetic fraction in the 
reduction stage, or, else, regarding this magnetic fraction as a by-product, 

■ 

inasmuch as the magnetic fraction showed equally low grades of radionuclides. 
However, the use of this magnetic fraction is not considered in the present 
invention, due to its high contents of radionuclide elements. This difference vis-a- 
20 vis previous processes is explained by the higher operating selectivity in the high- 
intensity magnetic separation. Such selectivity is due to the use of rare-earth 

■ 

permanent magnet separators. 

The present invention further relates to changes in the sequence of known 
processes, improvement in practically all unit operations involved and the unique 
25 use of radionuclide removal mechanisms. These mechanisms are characterized 
by the use of NaF/Si0 2 mixtures in the oxidation step, followed by fast cooling, in 
order to form, respectively, a vitreous phase and an iron-rich phase, with high 
contents of radionuclide elements which can be removed by hydrochloridric acid 
leaching in the presence of fluoride ion (in the case of the vitreous phase) and 
30 high intensity magnetic separation (iron-rich phase). 

The nature and scope of the present invention may be fully understood 
based on the following examples. It should be noticed that said examples are 
merely illustrative and shall not limit the developed process. • 

EXAMPLE 1 - The sequence of unit operations corresponding to this 
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example is found in Figure 1 herein. A sample of anatase mechanical concentrate 
weighing 1000 g and chemical composition as found in Table 1 was submitted to 
the sequential steps of calcination in air at 500°C for 30 minutes and reduction 
with hydrogen at 500°C for 30 minutes, both performed in the same laboratory 
5 scale fluidized bed reactor. After cooling in the furnace itself in nitrogen 
atmosphere, for purposes of avoiding reoxldatlon of the magnetic phases formed 
during reduction, 929 g of the reduced product were processed in a laboratory 
scale drum and permanent magnet wet separator - field intensity being equal to 
800 Gauss. The magnetite-rich magnetic fraction with 284 g was rejected. The 
10 645 g non-magnetic fraction, the chemical composition of which is found in Table 
1 herein, was sent to high-intensity magnetic separation, which was carried out in 
. a rare-earth roll and permanent magnet, dry, laboratory separator, with high 
gradient and field intensity equal to 20000 Gauss. At this stage, 606 g of 
magnetic concentrate (chemical composition in Table 1 herein) and 39 g of non- 
15 ' magnetic material (basically silicates, phosphates and zirconium minerals) were 
obtained, the latter 39 g being rejected. The 606 g magnetic concentrate was 
leached in a 25% w/w HCl solution, with a 1/2 w/w solid-liquid ratio, at 105°C 
temperature for 4 hours, in a glass reactor with reflow and mechanical agitation, 
in bench scale. Following washing, filtering and drying, 472 g of an intermediate 
20 concentrate were recovered (chemical composition shown in Table 1 herein). The 
resulting liquor - rich in iron chlorides, aluminium, phosphorus, rare earths and 
alkaline-earth metals - was separated and sent to rare-earth and HCl recovery. 
Next, the leached concentrate was mixed with 11 parts of borax 
(NaJtZfihAOHzO) and 4 parts of sodium chloride (NaCI), then oxidized in a 
25 laboratory rotary horizontal furnace at 950°C, for 60 minutes. The resulting 
product, the mass of which equals the oxidation-phase feed, was leached with a 
25% w/w HCl solution, at 1/2 w/w solid-liquid ratio, at 105°C, for 4 hours, in a 
glass reactor with reflow and mechanical agitation, in bench scale. After washing, 
filtering and drying, 382 g of an intermediate concentrate (chemical composition 

> 

30 shown in Table 1) were recovered. Finally, the leached product underwent dry, 
high intensity magnetic separation, in a laboratory separator (rare-earth roll and 
permanent magnet, high gradient and 20000 Gauss field intensity). The non- 
magnetic fraction resulting from this final magnetic separation (weighing 313 g 
and chemical composition shown in Table 1) is the end product. The 79 g 
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magnetic fraction was disposed of. Although containing very reduced contents of 
the main impurities, the end product sllll contains 87 parts per million (ppm) of 
uranium and 119 ppm of thorium - amounts sufficiently high to render this 
product unsuitable as a raw material for the chloride process of titanium dioxide 
5 pigment manufacture. By using, in the oxidation phase, additives more adequate 
for this purpose it is possible to secure a material with significantly lower contents 
of radionuclides elements, as shown in the following examples. 



Table 1 - Example 1 - contents (mass %) of main elements, hi different 
stages of the concentration process 



Material 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 1 


Mass, g 


1000 


645 


606 


472 


382 


313 


TiOa 


51 .60 


65.70 


68.60 


81.90 


88.10 


91.60 


Fe(total) 


18.40 


12.60 


10.90 


9.28 


7.94 


5.33 


Al 2 0 3 


5.74 


3.89 


1.79 


0.47 | 


<0.15 


<0.15 


CaO 


1.06 


1.11 


0.78 


0.29 


I 0.08 


0.07 J 


P2O5 


4.85 


4.11 


3.90 


2.49 


0.41 


0.43 


SIO2 


0.86 


0.67 


0.47 


0.48 


0.47 


0.35 


NbgOs 


0.71 


1.05 


0.88 


1.17 


1.26 


1.36 


Zr0 2 


0.41 


0.58 


0.73 


0.92 


0.91 


1.07 


U (ppm) 


>150 


>150 


> 150 


>150 


97 


87 


Th (ppm) I 


>500 


>500 


486 I 


256 I 


125 


119 I 



(1 ) - mechanical concentrate 

(2) - concentrate after taw intensity magnetic separation 

(3) - concentrate after high intensity magnetic separation 

(4) - concentrate after first HCI leaching 



(5) - concentrate after second HCI leaching 

(6) - final concentrate 

EXAMPLE 2 - A 1000 g sample of the same mechanical concentrate as in 
Example 1 hereinabove was submitted to sequential steps of calcination at 500°C 
for 30 minutes and reduction with hydrogen at 500°C for 5 minutes, both in the 
same laboratory scale fluidrzed bed reactor. The reduced material was then 
subjected to the same sequence of unit operations described in Example 1 
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hereinabove until the oxidation stage, that is: wet, low-intensity magnetic 
separation, dry, high-Intensity magnetic separation and leaching with 25% w/w 
hydrochloric acid at 105°C, for 4 hours. After washing, filtering and drying, the 
leached, intermediate concentrate presented a mass of 414 g and chemical 
5 composition as shown in Table 2 below. This material was then mixed with 6.7 

■ 

parts of sodium fluoride and 3.3 parts of amorphous silica, thereafter to be 
cafcinated in a laboratory rotary horizontal furnace, with continuous flow of air at 
1100°C, for 60 minutes. The oxidation product, the mass of which equaled the 
feeding, was suddenly quenched in a water bath and, then, leached with 25% 

10 w/w hydrochloride acid, with 1/2 w/w solid-liquid ratio, for 4 hours, at 105°C, in a 
glass reactor with reflow and mechanical agitation, in bench scale. Following 
washing, filtering and drying, 335 g of an intermediate concentrate (chemical 
composition shown in Table 2) were recovered. At the end, the leached product 
went through a laboratory separator (rare-earth role and permanent magnet, high 

15 3 gradient and 20000 Gauss field intensity). The non-magnetic fraction obtained in 
this final magnetic separation - weighing 318 g and chemical composition shown 
in Table 2 - is the end product. The 17 g magnetic fraction mass was rejected. 
Using a mixture of sodium fluoride and amorphous silica in the oxidation step and 
the use of sudden cooling in water of the oxidized product provided a substantial 

20 reduction in the contents of uranium and thorium in the end product. However, 

« 

the final concentrate displayed relatively high content of silica, with a consequent 
reduction of its TIO2 grade. This problem can be solved by conducting the second 
hydrochloric leach (following oxidation) with sodium fluoride, in order to increase 
the solubility of the radionuclide-rich vitreous phase, through the action of the P 
25 ion generated during leaching. This fact will be illustrated in Example 3 below. 

Table 2 - Example 2 - contents (mass %) of main elements in different 
stages of the concentration process 



Material 
Mass, g 

TiO z 
Fe(total) 

AI2O3 



(1) 
1000 

51.60 

18.40 

5.74 



(2) 
658 
65.60 
10.90 
2.20 



(3) 
628 
66.40 
11.60 
2.00 



(4) 
414 
83.20 
9.28 
0.60 



(5) 
335 

84.50 

7.81 

<0.15 



(6) 
318 
88.20 
3.32 
<0.15 
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CaO 
P 2 O s 
Si0 2 
Nb20 5 
Zr0 2 
U(ppm) 
Th (PPm) 



1 05 


1 07 


0.89 


0.33 


n m 

Is. I \J 


n in 


4.85 


4.34 


4.18 


3.35 


0.62 


0.68 


0.86 


0.84 


0.35 


0.77 


3.99 


4.43 


0.71 


0.83 


0.82 


1.36 


1.27 


1.46 


0.41 


0.75 


0.79 


1.12 


0.97 


1.12 


>150 


>150 


>150 
482 


>150 
236 


58 


62 




466 


73 


53 



(1 ) - mechanical concentrate 

(2) - concentrate after low Intensity magnetic separation 

(3) - concentrate after high intensity magnetic separation 

(4) - concentrate after first HCI leaching 

5 (5) - concentrate after second HCI leaching 

(6) - final concentrate 

EXAMPLE 3 - A 1000 g sample of the same anatase mechanical 

concentrate as shown in Examples 1 and 2 hereinabove was subjected to tho 
identical sequence of unit operations described in Example 2, namely: calcination 
10 in air (30 minutes) and reduction with hydrogen (5 minutes) in fluidfzfid bed at 
500°C, wet, low intensity magnetic separation dry, high intensity magnetic 
separation and leaching with 25% w/w hydrochloric acid, at 105°C, during 4 

■ 

hours, all these operations in bench scale. After leaching, washing, filtering and 
drying, 410 g of an intermediate concentrate (chemical composition indicated in 

15 Table 3) were recovered. The leached product was then mixed with 6.7 parts of 
sodium fluoride and 3.3 parts of amorphous silica, being afterwards calcinated in 
a laboratory rotary horizontal furnace, with continuous flow of air f at 1100°C, for 
60 minutes. The oxidized ore was rapidly cooled in water and leached in 25% 
w/w HCI in the presence of sodium fluoride (amount equal to 40 g of NaF per liter 

20 of leaching solution), 1/2 w/w solid-liquid ratio, for 4 hours at 105°C, in a glass 
reactor with reflow and mechanical agitation, in. bench scale. After washing, 
filtering and drying, 323 g of an intermediate concentrate (chemical composition 
shown in Table 3) were recovered. At the end, the leached product went through 
a laboratory magnetic separator (rare-earth roll and permanent magnet, high 

25 gradient and 20000 Gauss field intensity). The resulting non-magnetic fraction 
(with 312 g mass and chemical composition shown in Table 3) is the end product. 
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The 11 g magnetic fraction mass was discarded. Using a sodium fluoride and 
amorphous silica mixture in oxidation and a rapid cooling in water of the oxidized 
product, plus the addition of sodium fluoride during the second HCI leaching, 
made It possible to secure a final product with a high Ti0 2 grade and low contents 
5 of impurities that are harmful for the chloride process of titanium dioxide pigment 
manufacture. Moreover, the amounts of radionuclides in this product comply with 
environmental regulations regarding the use of raw materials and effluent 
discharge currently imposed worldwide on the titanium dioxide pigment industry. 
Table 3 - Example 3 - contents (mass %) of main elements in different 
1 0 stages of the concentration process 



Material 


(D 


(2) 


(3) 


(4) 


(5) 


l <6) l 


Mass, g 


1000 


661 


627 


410 


323 


312 


Ti0 2 


51.60 


65.60 


66.40 


83.20 


91.00 


92.40 


Fe(total) 


18.40 


10.90 


11.60 


5.13 


2.40 


2.39 


Al 2 0 3 


5.74 


2.20 


2.00 


0.60 


0.25 


0.24 


CaO 


1.05 


1.07 


0.89 


0.33 


0.09 


I 0.08 


P2O5 


4.85 


4.34 


4.18 


3.35 


2.00 


1.23 


Si0 2 


0.86 


■ 0.84 


0.35 


0.77 


0.55 


0.51 


Nb 2 0 5 

1 


0.71 


0.83 


0.82 


1.36 


1.49 


1.50 


Zr0 2 


0.41 


0.75 


0.79 

* 


1.12 


1.30 


1.45 


U (ppm) 


>150 


>150 


>150 


>150 


55 


52 


Th (ppm) 


>500 I 

1 * ■ 


466 I 


482 


236 


57 I 


50 I 



(1 ) - mechanical concentrate . 
. (2) - concentrate after low intensity magnetic separation 



(3) - concentrate after high intensity magnetic separation 

(4) - concentrate after first HCI leaching 
15 (5) - concentrate after second HCI leaching 

* 

(6) - final concentrate 

EXAMPLE 4 - A 1000 kg sample of the same anatase mechanical 
concentrate of Examples 1 , 2 and 3 and with a chemical composition as shown in 
Table 4 below went through, in different batches, the sequence steps of 
20 calcination in air (500°C for 30 minutes) and reduction with hydrogen (500°C for 5 



WO 2005/042405 PCT/BR2004/000204 

minutes). Both operations were done in the same pilot scale, fluidized bed 
reactor, capable of processing up to 50 kg of ore per batch. In each batch, the 
reduced ore was cooled in flow of nitrogen in the fluidized bed reactor, in order to 
avoid recordation of iron oxides formed during reduction. At the end of this stage, 
5 945 kg of reduced ore were recovered and, then, wet processed in a magnetic 
separator of drum and permanent magnet, in pilot scale, with 800 Gauss field 
intensity. At this stage, 670 kg of non-magnetic material (chemical composition 
shown in Table 4) were obtained, while 275 kg of a magnetic product were 
discarded. The non-magnetic fraction underwent high-intensity magnetic 
10 separation, with high gradient, in a rare-earth drum, permanent magnet pilot 
separator, capable of processing up to 1 .5 ton of ore per hour This operation was 
earned out dry, with 20000 Gauss field intensity. As a result, 630 kg of magnetic 
concentrate and 40kg of non-magnetic reject were obtained. The magnetic 
concentrate underwent leaching with hydrochloric acid in a 1200 mm high leach 
15 b pilot column with three cylinder sections (305 mm, 255 mm and 200 mm 
diameters), capable of processing 40 kg of ore per batch. Leaching experimental 
conditions were: 4 hours residence time, temperature ranging from 100°C to 
105°C in the middle of the column and a 25% w/w HCI leaching solution. At the 
end of each batch, the ore was exhaustively washed with water in the column 
20 itself, the washing water being disposed of. Leached ore was then removed 
manually through the lid of the column. As a result of this operation, 422 kg of 
concentrate (chemical composition shown in Table 4) were recovered. A total of 
55 kg of sodium fluoride and 30 kg of amorphous silica were then mixed to the 
concentrate mass and the mixture was oxidized in a semi-industrial scale rotary 
25 horizontal furnace. This furnace (50 cm internal diameter, 8 m long) has a carbon 
steel outer sheil, inner refractory brick lining and heating through diesel oil 
burning. Oxidation operating conditions were: temperature of 1050°C to 1100°C 
and 75 minutes of ore residence time. At the furnace outlet, the calcination 
product was discharged into recipients with room temperature water, so as to 
30 promote thermal shock of the ore. As a result of this operation, 400 kg of oxidized 
ore were recovered and then subjected to a second hydrochloric acid leach. This 
operation took place in the same previously mentioned column leaching pilot unit, 
under the following conditions: 4h duration, slurry temperature between 100°C 
and 105°C, with 25% w/w HCI, with addition of 40 g per liter of sodium fluoride to 
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the leaching solution. As was the case in the first leaching, at the end of each 
batch, the leached ore was exhaustively washed with water. As a result, 325 kg 
of leached concentrate (chemical composition shown in Table 4) were recovered. 
Finally, the material from the second HCI leaching was processed in a dry, pilot 
magnetic separator (rare-earth roll and permanent magnet, high gradient and 
20000 Gauss field intensity) capable of processing up to 0.5 ton of ore per hour. 
A total of 302 kg of non-magnetic product and 23 kg of magnetic reject were 

recovered. The non-magnetic material (composition illustrated in Table 4) was the 

end product. 

Table 4 - Example A - contents (mass %) of main elements in different 
stages of the concentration process 



Material 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


Mass, kg 


1000 


670 


630 


422 


325 


302 


Ti0 2 


51.60 


63.72 


64.00 


82.50 


93.00 


94.00 


Fe(total) 


18.40 


11.50 


12.00 


4.83 


2.15 


1.97 




5.74 


2.41 


2.44 


0.68 


0.25 


0.24 


CaO 


1.05 


1.08 


0.01 


I 0.20 


0.12 


0.08 


* 

P2O5 


4.85 


4.46 


4.27 | 


2.95 


0.56 


0.34 


S1O2 


0.86 


0.88 


0.53 


0.82 


0.52 


0.50 


Nb 2 O s 


0.71 


0.84 


0.83 


1.35 


1.49 


1.49 


Z1-O2 


0.41 


0.84 


0.83 


1.00 


1.19 


0.91 


U (ppm) 


>150 


>150 


>150 


>150 


79 


46 


Th(ppm) 1 


>500 


425 | 


430 | 


232 


90 | 


44 



(1 ) - mechanical concentrate 



(2) - concentrate after low intensity magnetic separation 

(3) - concentrate after high intensity magnetic separation 

(4) - concentrate after first HCI leaching 

(5) - concentrate after second HCI leaching 

(6) - final concentrate 



